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I, the undersigned, being an officer duly authorised m accordance with Section 74(1) and (4) 
of the Deregulation i& Contracting Out Act 1994, to sign and issue certificates onbehalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 

I also certify that the attached copy of the request for grant of a Patent (Form 1/77) bears an 
amendment, effected by this office, following a request by the applicant and agreed to by the 
Comptroller-General. 

In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or thek equivalents in Welsh, references to the name of the company 
m this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by p 1 c 
pic, P.L.C. or PLC. • - 



Re-registration under the Companies Act does not constitute a new legal entity but merely 
s^jipcts the company to certam additional company law rules. 
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Abrasive in Vapour Entraioment 



The present invention relates to the entrainment of abrasive particle/vapour mixtures into high 
velocity liquid jets and the condensation of the vapour to produce abrasive/liquid cutting jets. 
Normally, but not exclusively, the liquid is water, the vapour is steam and the abrasive a 
powder such as garnet or aluminium oxide. 

More effective abrasive wateqet systems are needed to meet market demands for fester 
cutting and greater cut surface area generation per kilogram of abrasive. Only one method of 
generating abrasive waterjets is iu widespread use for precision machining and after 20 years 
of refibiements it is unlikely that this method can be improved dramatically to match the level 
of performance gains of competing technologies such as lasers. There is therefore a need for 
new methods of generating abrasive wategets and in particular methods that generate smaller 
jet diameters, for a given power input, to reduce? the amount of work piece material removed 
in making cuts. 

Abrasive in air entrainment is the established method of generating abrasive waterjets for 
precision machining. Water at ultra high pressures of 2500 to 4000bar is passed through a 
sharp edged orifice to generate a jet moving at over 700m/s. The water jet traverses a 
chamber to entrain air that conveys abrasive particles into the chamber. The wateqet along 
with the air and abrasive leave the chamber via a ceramic mixing tube that is aligned along the 
axis of the waterjet orifice. In the mixing tube momentum is transferred firom the water to the 
initially slow moving abrasive particles. Abrasive/water/air mixtures leave mixing tubes as 
focused cutting jets and impact on work pieces with cutting spot diameters that are slightly 
larger than mixing tube bore diameters. 

Air has a density about 1000 times less than water and readily accelerated by water jets to 
enter mixing tubes at sonic velocity. However, the volume of air needed to convey and drag 
abrasive particles iuto miving tubes is such that mixing tube bore cross sectional areas have to 
be some 9 to 16 times the area of the waterjet vena contracta. This means that abrasive in air 
cutting heads produce cuttimg spot diameters and hence cut widths that are 3 to 4 times that of 
waterjet vena contracta diameters. 

Passing a pressurised suspension of abrasive in water througjh a nozzle produces the 
mflviTTinTri cutting Spot energy density and can provide a factor of 5 increase in cutting 
performance, relative to abrasive in air entrainment However, handling suspensions at ultra 
high pressures is very diflScult and not commercially practical so improved cutting heads 
must operate by entrainment processes. This patent application concerns replacing air as the 
abrasivei conveying fluid to improve momentum transfer efficiencies in mixing tubes and 
allow smaller mixing tube bore diameters. 

UK Patent Application No. 0227412,4 describes cutting heads that entrain high-density 
abrasive mixtures with 25%wt or so water. The cutting heads described can operate with 
cutting spot diameters less than 1.4 times wateqet vena contracta diameters. The water in 
abrasive mbctures has to be accelerated in the cuttmg heads described and additives are 
necessary for the functioning of abrasive mixture feed systems and the entrainment process. 



For a range of ^pHcations it is desirable not to have to prepare abrasive in water mixtures, to 
accelerate additional water and/or to use additives. 

The meflbod of generating abrasive wateqets describ^ in this ^P^^^^J j^^^^^ ^^"^^ 
abrasive particles to cutting heads using a vapour that condenses m ^e ^S^^'^^^^ 
condensing the vapour mixing tube bore diameters can be greatly reduced, cof J° ^ 
^S^f ^i^ in air e^ainment Steam condenses to less than one tjous^^ of its 
vSame^n^almospheric pressures. ITie condensed water amounts ^J^^J^l^ 
liTfl nw ^Tother effects being equal, the effectiveness of abrasive m steam entramment is 
S£r;^:^r^^ere^e;,tandmuchMg^^ 

Steam condensation is a powerfiil mechanism for generating flo^ ^^^^^'^''to'^S 
to cnttine heads Small diameter waterjets that could not entram sufficient aff to convey 
iSS^^d^lufficient steam to convey abrasive. Cutting heads that utihse abrasive 
;^Z^aent can operate witii cutting spot diameters below 200Mm, compared to over 

SOOpm for abrasive in air entrainment 

The flow and momentum transfer mechanisms in mixing tubes are very different between 
ISJTin^ ZTS^vc in steam entraimnent In abrasive m airentramment mom^ 
SrXplace in a droplel^particle/air enviromnent >^1h an ef^cUve d^i^ty of 
divided by the square of the mixing tube bore to wateget diameter ratio The efiecbve 
S^m^g tubes requires tube lengths of 50 or so bore diameters to reach 90% of the 
SilSveparticle'velocity. ^I^e low effective d^itydoeshow^^^^ 
ftictional effects are low and Ihis aUows the lengfli of mixmg tubes to ^« J^^^f^^ 
the flow without incurring excessive further energy losses^ In tiie «f Jf^^ 
entrainment the effective density is that of water and abrasive particles^ 
LSed to%% or so of the maximum velocity in a distance 1^ than 10 mixmg tabe 
Frictio^ losses are hi^ in abrasive in steam mixing tubes making it unportBnt 
toSse S^hibe lengths Seded 1x> collimate the flow and this needs good mitial 
particle distribution around and into waterjets. 

Mixing tubes for abrasive in air entrainment are manufactured fr^mjungsten carbide ^ only 
WUves of 1 to 100 hours, depending on the grade of tungsten carbide ^d abrasive 
SaerBiauirmuch shorter nidng tubes are required for the <'"^^^^^-j^^^^ 
. this patent appUcation mixing tubes can be economically ^^^^f , 
materials ^ are much more wear resistance than any grade of tungsten carbide. 

According to- the -first aspect of the present invention there is provided a method of 
t^it of abrasive pXles into high velocity Uquid jete to S^^^^^^^^^^^Jf J,^ 
method comprises the Sep of providing pressurised hqmd to a '^^^^J^ 
velodtv Ua2d iet a metered supply of abrasive particles, a source of carrier vapour that is 
^SedTy S U^d jet ^^onduit means through which vapour flow caxnes said 
abrasive particles to be entrained into the said Uquid jet 

The liquid is preferably water 
The veq)our is preferably dry steam 

Hie abrasive is preferably garnet, oUvine or aluminium oxide 
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The abrasive is preferably heated to above the condensation temperature of the steam 

According to a second aspect of the present invention, there is provided apparatus to generate 
an abrasive cuttmg jet, the apparatus comprising a pressurised water supply and a nozzle to 
form a waterjet, an abrasive particle entry chamber and a mixing tube in which a suspension 
of abrasive particles in steam is entrained and the steam condenses and momentum is 
exchanged between die high velocity waterjet and abrasive particles. 

Preferably the mixing tube comprises diamond. 

The waterjet nozzle may form part of the load bearing structure of a cutting head. 

Preferably tihe ratio of mixing tube to waterjet orifice diameters are between 1.2 to 1.5 

The mixing tube may comprise a transition zone of diameter progressively decreasing from an 
abrasive entry chamber to a near parallel bore. 

MHxrng tubes may consist of two or more sections with transitions between sections to smaller 
bores in second and subsequent sections. 

The abrasive mixture entry chamber may be lined or constructed firom low thermal 
condxjctivity material. 

According to a third aspect of the present invention, there is provided a means of generating 
and feeding steam to the said apparatus. 

Preferably the steam is generated using electric heating. 

Preferably the electric heating is by positive temperature coefficient heaters 

According to a forfli aspect of the present invention, there is provided a means of metering 
abrasive to the said apparatus. 

According to tbe fifth aspect of the present invention, there is provided a means of directing 
the abrasive/water flow from said mixing tube of said ^paratus onto work pieces. 

The design of abrasive in steam cutting heads and Ibeir abrasive feed systems are described 
with ref^ence to: 

1 qIiows an abrasive in steam cuttine head 
Figure 2 shows a flow circuit for feeding abrasive to abrasive in steam cuttii^ heads 

Referring to Figure 1, pressurised water eaters a cuttLug head 7 through conduit 1. The water 
passes through nozzle 6 to form a jet that traverses mixing chamber 8 and into the mixing 
tube 4. Steam carrying abrasive enters the cutting head 7 through conduit 2 to chamber 8, 
which cbnnects to a transition region 5 to the bore 9 of mixing tube 4. Entrainment and axial 
acceleration of the abrasive particles and condensation of steam takes place in chanaber 8 and 
transition 5 with the most of the momentum exchange betweeu water and abrasive occurring 
m ihe mixmg tube bore 9. Abrasive/water mixture leaves the bore 9 of mixing tube 4 as a 
cutting jet 3. Typically the ratios of diameters of mixing tube 9 to nozzle 6 are 1.2 to 1.5. 
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Tie imxmg tube 4 will usuaUy be mmu&ctured fiom soUd polyciystalline diamond or other 
form of diamond, 

Comiection 2 and chamber 8 may be lined with or constructed from low thermal conductivity, 
abrasive resistance materials. 

It is desirable for the outlet from nozzle 6 to be within a few jet diameters <f^^^^^^ 
S^ition region 5 of mixing tube 4 and this may require nozzle 6 to form part of tiie 
^^te^reS fluid press,^ loads. THese loads may exceed 400N per .quare miU^eto.^ 
A^ed boS nozzle 6 is preferably machined in a diamond blank that forms part of the 
pressure retaining structure of cutting head 7. 

Figure 2 shows a flow circuit for feeding abrasive to cutting heads such as shown Jig«^e 1 
aSvc particles from vessel 21 flow via conduit 22, metering device 23 ^d<.05dmt24to 
V^7n 25 where the particles are mixed with steam flow from steam generator 27 flown^ 
Tng^nduit 26 to junction 25. From junction 25 the abrasive is ^^f^ toough con^t 2 
^ Jte^ flow and into cutting head 7. Abrasive in vessel 21 may be heated to prevent 
SnStion^n the particlS^ flowing to cutting head 7 and &e abrasxve particles m 
vessel 21 may be blanked in steam to prevent air reaching the cutting head /. 

Provision may be made for trace heating of all components and conduits in the feed circmt ^ 
Figure 2 and for pre wamiing of the circuit and flow surfeces m cutting head 7 before 
abrasive flow is commenced to cutting head 7. 

Junction 25 may take the form of an educator with an inlet nozzle size that .^^^ 
m the steam generator 27 and passage 26 to be maintained above ^osphenc pressure and^r 
provide «ie driving mechanism to induce abrasive flow through metermg device 23. The 
driving steam may pass down through the abrasive feed vessel to assist m metermg abrasive 
out of the vessel. 

steam generator 27 is preferably electric powered. A pow«: input of less ^lan JkW ^ 

sufficient to provide steam for abiasive flows up to 0.5kg per ^^xmje but ^"^^^^ J^^^^^ 
may be used particularly for warming up tlie flow cnrcujt prior tx> starting abrasive flow. The 

steam may be supaheated in the steam generator or after the generator. 

Positive temperature coefficient heaters may be used to limit temperatures and pressures. 

S conditions are 3 bar at the steam generator and 150 C temperatiire, aUowmg 
en^eering plastics to be used for tubes and components.- 
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Document made available under the 
Patent Cooperation Treaty (PCT) 

International application number: PCT/GB04/004796 
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Document type: Certified copy of priority document 

Document details: Country/Office: GB 

Number: 0326894.3 

Filing date: 19 November 2003 (19.11.2003) 



Date of receipt at the International Bureau: 09 February 2005 (09.02.2005) 



Remark: Priority document submitted or transmitted to the International Bureau in 
compliance with Rule 17.1(a) or (b) 
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